Focal Atrial Tachycardia Originating From the Non-Coronary Aortic Sinus Electrophysiological Characteristics and Catheter Ablation by Ouyang, Feifan et al.
F
F
E
F
S
J
M
H
C
p
c
t
(
p
a
m
f
n
c
d
a
w
b
M
P
y
H
C
R
D
2
Journal of the American College of Cardiology Vol. 48, No. 1, 2006
© 2006 by the American College of Cardiology Foundation ISSN 0735-1097/06/$32.00
Pocal Atrial Tachycardia Originating
rom the Non-Coronary Aortic Sinus
lectrophysiological Characteristics and Catheter Ablation
eifan Ouyang, MD,* Jian Ma, MD,† Siew Yen Ho, PHD,‡ Dietmar Bänsch, MD,* Boris Schmidt, MD,*
abine Ernst, MD,* Karl-Heinz Kuck, MD,* Shaowen Liu, MD,* He Huang, MD,* Min Chen, MD,*
ulian Chun, MD,* Yunlong Xia, MD,* Kazuhiro Satomi, MD,* Huimin Chu, MD,* Shu Zhang, MD,†
atthias Antz, MD*
amburg, Germany; Beijing, China; and London, England
OBJECTIVES We sought to investigate electrophysiological characteristics and catheter ablation in patients
with focal atrial tachycardia (AT) originating from the non-coronary aortic sinus (AS).
BACKGROUND In patients with failed ablation of focal AT near the His bundle (HB) region, an origin from
the non-coronary AS should be considered because of the close anatomical relationship.
METHODS This study included 9 patients with focal AT, in 6 of whom attempted radiofrequency (RF)
ablation had previously failed. Activation mapping was performed during tachycardia to
identify an earliest activation in the atria and the AS. The aortic root angiography was
performed to identify the origin in the AS before RF ablation.
RESULTS Focal AT was reproducibly induced by atrial pacing. Mapping in atria demonstrated that the
earliest atrial activation was located at the HB region, whereas mapping in the non-coronary AS
demonstrated that an earliest atrial activation preceded the atrial activation at the HB by 12.2 
6.9 ms and was anatomically located superoposterior to the HB in all 9 patients. Also, His
potentials were not found at the successful site in the non-coronary AS in all 9 patients. The focal
AT was terminated in8 s in all 9 patients. Junctional beats and PR prolongation did not occur
during RF application in all 9 patients. No complications occurred in any of the nine patients. All
9 patients were free of arrhythmias without antiarrhythmic drugs during a follow-up of 9  3
months.
CONCLUSIONS In patients with focal AT near the HB region, mapping in the non-coronary AS can improve
clinical outcome. (J Am Coll Cardiol 2006;48:122–31) © 2006 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.02.053Cardiology Foundation
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hatheter ablation has become the treatment of choice in
atients with focal atrial tachycardia (AT) (1–12). Focal AT is
ommonly located in the crista terminalis (1,2), near the
ricuspid and mitral annulus (3–6), within the pulmonary veins
4,7,8), at the ostium of the coronary sinus (CS) (9), and at the
ara-hisian region (10–12). In patients with failed ablation of
focal AT, an unusual location of an arrhythmogenic origin
ust be considered (5,6,13). A case report has described that a
ocal AT in one patient could be successfully ablated from the
on-coronary aortic sinus (AS) (13). However, the arrhythmic
haracteristics of these patients have not been described in
etail. In this study, we report on the arrhythmic characteristics
nd the ablation procedure in nine patients with a focal AT
ithin the non-coronary AS, and the anatomical relationship
etween the non-coronary AS and the atria.
ETHODS
atient population. Nine patients (6 female; ages 54  12
ears, range 32 to 66 years) with frequent paroxysmal
From the *II. Medizinische Abteilung, Allgemeines Krankenhaus St. Georg,
amburg, Germany; †Arrhythmia Center, Fuwai Cardiovascular Hospital, Beijing,
hina; and the ‡Department of Paediatrics, National Heart and Lung Institute and
oyal Brompton Hospital, Imperial College School of Medicine, London, England.
rs. Ouyang and Ma contributed equally to this work.e
Manuscript received December 20, 2005; revised manuscript received February 7,
006, accepted February 14, 2006.upraventricular tachycardia (PSVT) were referred to our
enters (5 patients from AK St. Georg in Hamburg and 4
atients from Fuwai Hospital in Beijing). The clinical
achycardia presented with abrupt onset and offset in all
ine patients and could be terminated by vagal stimulation
n three patients. Patient symptoms included disabling
alpitations and dizziness in 9 patients, presyncope in 1
atient, and syncope in 1 patient. The tachycardia was first
iagnosed 8.6  2.3 years (range 2 to 20 years) before
eferral and had been ineffectively treated by a mean of
.0 0.8 oral antiarrhythmic drugs. An electrophysiological
tudy had previously been performed in 6 of the 9 patients.
he clinical tachycardia had been diagnosed as a focal AT
riginating at the His bundle (HB) area in 5, and as possible
trioventricular node re-entrant tachycardia (AVNRT) in 1
atient. Radiofrequency (RF) ablation with a 4-mm ther-
ocouple catheter had been attempted near the HB area in
patients and at a slow pathway area in 1 patient. Ablation
as unsuccessful with one procedure in 5 patients and two
rocedures in 1 patient. No previous cardiac surgery was
erformed in any patient. No evidence of structural heart
isease was found in any patient.
lectrophysiological study. After giving informed consent
nd withdrawing from antiarrhythmic drugs for at least five
alf-lives, all patients underwent an electrophysiological
valuation under intravenous sedation. Three catheters were
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July 4, 2006:122–31 Focal AT From the Non-Coronary Aortic Sinusntroduced to the right atrium (RA), the right ventricular
pex (RVA), and at the HB region via the femoral veins.
lso, a 7-F multipolar catheter was advanced within the
oronary sinus (CS) via the left subclavian vein. The
timulation protocol consisted of programmed stimulation
t two basic cycle lengths (CLs) with up to two extrastimuli
nd burst pacing at the RA and the RVA. If the clinical
achycardia did not occur spontaneously and was not induc-
ble during the baseline state, intravenous isoproterenol
nfusion (2 to 5 g/min) was administered to provoke the
linical arrhythmia or facilitate the tachycardia induction.
rogrammed stimulation and burst pacing were used for
achycardia induction and termination, and they were re-
eated more than five times to ensure reproducibility of the
esponse.
Focal AT is defined as: 1) atrial activation starting at a
mall area from which it radiates in all directions, and 2)
ange of activation times less than the tachycardia CL.
CG analysis. P-wave morphology on the surface electro-
ardiogram (ECG) was assessed as previously described (4).
he P-wave analysis was performed during periods of
trioventriclar (AV) block or after ventricular pacing. The
waves were described on the basis of the deviation from
aseline during the T-P interval as being: 1) positive if
here was a positive deviation from the isoelectric base-
ine; 2) negative if there was negative deviation; 3)
iphasic if there were both positive and negative deflec-
ions from baseline; and 4) flat if there were no deflec-
ions from baseline.
apping and RF ablation. With induced tachycardia,
ctivation mapping was performed via a 7-F 4-mm tip
blation catheter (Biosense-Webster, Inc., Diamond Bar,
alifornia). Activation time was measured from the onset of
he local electrogram to a stable atrial electrogram recorded
rom a catheter within the CS. In all patients, initial
apping was performed in the RA and the left atrium (LA).
henever mapping in both atria failed to identify a suc-
essful ablation site, mapping in the AS was performed
etrogradely via the right femoral artery. The arrhythmia
rigin was defined by the site with the earliest atrial
Abbreviations and Acronyms
AS  aortic sinus
AT  atrial tachycardia
AV  atrioventricular
AVNRT  atrioventricular nodal re-entrant tachycardia
CL  cycle length
CS  coronary sinus
ECG  electrocardiogram
HB  His bundle
LA  left atrium
PSVT  paroxysmal supraventricular tachycardia
RA  right atrium
RF  radiofrequency
RVA  right ventricular apexctivation and successful ablation. Bipolar and unipolar Ilectrograms were filtered at 30 to 400 Hz and 0.05 to 400
z, respectively.
When the earliest atrial activation was identified in the
Ss, a 5-F pigtail catheter was inserted into the aortic root
ia the left femoral artery. The three ASs were visualized by
ortic root angiography. Radiofrequency energy with a
hermocouple 4-mm tip was delivered as previously de-
cribed using a target temperature of 55 °C (14). Radiofre-
uency energy was started at 20 W and increased up to 40
in the AS under continuous fluoroscopy to reach the
arget temperature. Radiofrequency energy was maintained
or 90 s if tachycardia termination occurred with 10 s and
atheter dislodgement was not observed.
ollow-up. After the procedure, patients were treated with
ral aspirin for 3 months. Each patient returned for evalu-
tion in the outpatient clinics at 1, 3, 6, and 12 months.
ransthoracic echocardiography and 24-h Holter record-
ngs were performed the day after the procedure and at the
-month follow-up visit.
tatistical analysis. Data are expressed as mean  SD.
ESULTS
lectrophysiological characteristics. In these nine pa-
ients, clinical tachycardia did not occur spontaneously.
ustained clinical tachycardia with a CL of 357.6  62.5
s (270 to 435 ms) was easily and reproducibly induced
y both programmed atrial stimulation and atrial burst
acing in 8 patients, and by only burst atrial pacing in 1
atient. Also, all inducible tachycardias were easily ter-
inated by burst atrial pacing. No evidence of accessory
athway was found during atrial and ventricular stimu-
ation in any of the 9 patients. No tachycardia was
nducible by ventricular stimulation in any patients. A
ritical delay from the atrial-to-His activation interval
as not required for tachycardia induction in these 9
atients. The inducible tachycardia activated the ventricle
ith one-to-one AV conduction in 6 patients, and
wo-to-one or one-to-one AV conduction in the other 3
atients, including the 1 patient with misdiagnosed
VNRT in the previously failed ablation procedure.
ntravenous infusion of isoproterenol was not required
or tachycardia induction in all 9 patients before ablation.
n the basis of these findings, clinical tachycardia was
iagnosed as a focal AT.
Also, intravenous administration of 12 mg adenosine
uring tachycardia resulted in a change in the tachycardia
L, which led to a change of activation interval from the
trial-to-His activation in the following beat. Finally, intra-
enous adenosine terminated the tachycardia before AV
lock occurred during sinus rhythm (Fig. 1).
CG characteristics. The P waves in lead I and aVL
uring tachycardia were positive in these nine patients.
lso, the P waves in leads V1 and V2 during tachycardia
ere negative/positive in all nine patients. The P waves inI, III, and aVF during tachycardia were negative/positive
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Focal AT From the Non-Coronary Aortic Sinus July 4, 2006:122–31n seven of these 9 patients (the left panel in Fig. 2). In
he remaining 2 patients, the P waves in the II, III, and
igure 1. Continuous recordings from tracings A to B show electrocardio
apping catheter at the His bundle region (RA-AS 1 to 2, RA-AS 3 to 4,
catheter within the coronary sinus, and a catheter at the right ventricula
nduced sustained focal atrial tachycardia originating from the non-corona
TCL), from 431 to 485 ms, before termination during intravenous admin
nterval) during the tachycardia depends on the previous TCL, which results
hort TCL; and 3) the tachycardia termination occurs without sequential
inus; HBE  His bundle region; RA  right atrium; RVA  right venVF leads were negative in 1 patient (the middle panel in iig. 2), and the P waves were positive in the II and aVF
eads and flat in the III lead in 1 patient (the right panel
(ECG) leads I, II, V1, V6, and intracardiac electrogram recorded from a
S uni), a catheter in the right atrium, a catheter at the His bundle region,
during intravenous administration of 12 mg adenosine in a patient with
tic sinus. Note that: 1) there is the change in the tachycardia cycle length
on of 12 mg adenosine; 2) the interval from atrium to His activation (AH
ort AH interval with previous long TCL or long AH interval with previous
entricular block during sinus rhythm. AS  aortic sinus; CS  coronary
r apex.gram
RA-A
r apex
ry aor
istrati
in sh
atriovn Fig. 2).
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July 4, 2006:122–31 Focal AT From the Non-Coronary Aortic Sinusapping and ablation in the RA and LA. In these nine
atients, mapping in the RA demonstrated that the earliest
trial activation was located near the HB area, and preceded
he reference CS electrogram by 52.9  8.7 ms (41 to 67
s). The local electrograms at the earliest RA site presented
ith a distinct His potential in all 9 patients (Fig. 3A). In
ve of these 9 patients, a mean of 6.2 1.0 RF applications
range 5 to 7) was delivered at the RA site with the earliest
ctivation, and resulted in transient termination of the
achycardia after a mean of 29  3 s (range 25 to 35 s) in
hree patients and transient prolongation of the PR interval
fter tachycardia termination. No ablation was performed in
our patients, including three patients with previously failed
blation at this region.
Mapping in the LA was performed in all nine patients.
he earliest LA activation was located in the anteroseptal
egion immediately opposite to the HB area (Fig. 3B), and
receded the reference CS electrogram by 50.2  8.3 ms
range 38 to 62 ms). The earliest LA activation was
onsistently later than that in the RA by 2 to 5 ms in all
atients. No His potential was found at this site in any
atients. A mean of 5.8  0.8 RF applications (range 5 to
Figure 2. P-wave morphology on 12-lead ECG in three patients with f) was delivered at the earliest LA activation without aachycardia termination or the PR prolongation in eight
atients.
apping and ablation in the non-coronary AS. In the
ine patients with focal AT, mapping in the ASs during
achycardia demonstrated that an earliest atrial activation
receded the reference CS electrogram by 66.2  3.6 ms (60
o 71 ms) (Fig. 3C) and the onset of the P-wave by 32.4 4.6
s (range 27 to 37 ms). Aortic root angiography demonstrated
he mapping catheter located in the non-coronary AS via the
eft femoral artery in all 9 patients (Fig. 4). The earliest atrial
ctivation in the non-coronary AS was earlier than that in
he RA by 13.8  5.5 ms (range 7 to 21 ms) in 8 patients
Fig. 4C). In 1 patient, the earliest atrial activation in the
on-coronary AS and in the RA was the same (Figs. 5A and
B), but the amplitude of the atrial activation in the AS was
reater than that in the RA (Fig. 5B). In these 9 patients, no
is potentials were found at the site with the earliest atrial
ctivation in the non-coronary AS (Figs. 3C and 5B).
luoroscopically, the successfully ablated site in the non-
oronary AS was slightly supero-posterior to the site of HB
ecording in the RA (Fig. 4). The electrograms at the
uccessful ablation sites were fractionated in 4 of 9 patients,
trial tachycardia (FAT) originating from the non-coronary aortic sinus.nd presented with a small atrial activation and a large
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Focal AT From the Non-Coronary Aortic Sinus July 4, 2006:122–31entricular potential in 6 patients, equal atrial and ventric-
lar activation in 2 patients, and a large atrial activation and
small ventricular activation in 1 patient.
In these 9 patients with focal AT, the focal AT was
erminated by a single RF application in 7 patients, and by
wo RF applications in 2 patients. The time to termination
t the successful site was 3.2  2.1 s (range 0.5 to 8.0 s). It
ccurred within 2 s in 4 patients (Fig. 6); within 4 s in 8
atients, including the patient with simultaneous atrial
ctivation in the non-coronary AS and at the HB region;
nd within 8 s in all 9 patients. No prolongation of the PR
nterval or a junctional rhythm was observed in any of the
ine patients during RF delivery. The ablation catheter in
he non-coronary AS was very stable during continuous
uoroscopic monitoring. No dislodgement of the ablation
atheter was observed in any of the patients. After ablation,
ocal AT was not inducible by atrial stimulation with and
ithout isoproterenol infusion.
ollow-up. No procedure-related complications occurred
n these nine patients immediately after ablation and during
ollow-up. No evidence of aortic valve damage was demon-
igure 3. Tracings are ECG leads I, aVF, V1, and intracardiac electrogram
he CS, and a catheter at the right ventricular apex (RVA) in a patient with
ctivation in the right atrium is shown at the His bundle region (RA-AS
he fixed atrial electrogram recorded from the CS 1 to 2 by 56 ms and a
adiofrequency (RF) delivery at this site. (B) The earliest activation in the left a
n the RA (LA-AS 1 to 2, LA-AS 3 to 4, LA-AS uni). Note that the earliest
s and there was no His potential at this site. The tachycardia was also unsucce
A activation is shown at the non-coronary AS (non-coro AS 1 to 2, non-cor
trial electrogram recorded from the CS 1 to 2 by 68 ms and there was n
n Figure 1.trated during follow-up. All 9 patients were free of the prrhythmias without antiarrhythmic drugs during a
ollow-up of 9  3 months.
ISCUSSION
revalence of non-coronary cusp location of focal AT. Fo-
al AT is commonly located in the crista terminalis (1,2),
ear the tricuspid and mitral annulus (3–6), around the
ulmonary veins (4,7,8), and at the septal regions (9–12).
revious studies have demonstrated that focal ATs origi-
ating from the septal regions can be reproducibly induced
nd terminated by programmed atrial stimulation, and are
ensitive to intravenous adenosine in most patients (9–12).
ost patients with these tachycardias are amenable to RF
blation with a high success rate. In a single center experi-
nce from Hamburg in the last two years, the non-coronary
S origin was found only in 5 of 123 patients (4.1%) with
ocal AT. However, the true incidence may be overesti-
ated, because the majority of our patients had complex
rrhythmias in this center.
ocal AT originating in the non-coronary AS. In the
orded from a mapping catheter, a catheter at the HBE, a catheter within
atrial tachycardia originating from the non-coronary AS. (A) The earliest
, RA-AS 3 to 4, RA-AS uni). Note that the earliest activation preceding
is potential at this site. The tachycardia was unsuccessfully terminated by
is located at the left anteroseptal region immediately opposite the His bundle
tion preceded the fixed atrial electrogram recorded from the CS 1 to 2 by 54
y terminated by RF delivery at this site. (C) The successful site with an earliest
3 to 4, non-coro AS uni). Note that the earliest activation preceded the fixed
potential recording at this site. LA  left atrium; other abbreviations asrec
focal
1 to 2
tiny H
trium
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o ASresent study, all patients with focal AT had clinical
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July 4, 2006:122–31 Focal AT From the Non-Coronary Aortic Sinusymptoms with abrupt onset and offset, which are similar to
hose in patients with PSVT. During electrophysiological
tudy, the clinical tachycardias were reproducibly induced
nd terminated only by atrial stimulation in all nine patients.
he tachycardias were sensitive to intravenous administra-
ion of adenosine. On the basis of these findings, the
achycardia mechanism was due to either micro–re-entry or
rigger activity. Also, electrophysiological findings and the
-wave morphology on the surface ECG during tachycardia
ere very similar to the focal AT originating near the septal
egion (9–12), especially near the para-hisian area (10–12),
ut several features differentiate them. In the present study,
apping demonstrated the earliest atrial activation in the
icinity of the non-coronary AS and an attempted RF
blation at the HB area failed in 8 of the 9 patients (in five
atients during the procedure and in three patients during a
revious procedure).
Mapping during tachycardia demonstrated that the ear-
igure 4. Right (30°) and left (45°) oblique radiographic view show the map
atheter inside the CS, a multipolar catheter at the HBE, a catheter in th
eft (45°) oblique radiographic view (C,D) shows a mapping catheter
otential recording at distal one to four electrodes. L  left aortic sinus
s in Figure 1.iest atrial activation in the non-coronary AS preceded the oA activation at the HB region by 12.2  6.9 ms in these
patients. Also, an interesting finding in the study was that
he earliest LA activation was consistently later than the
arliest RA activation by 2 to 5 ms in these 9 patients. This
nding may be explained by anatomical relationship. The
on-coronary AS is anatomically closer to the HB region in
he RA compared to the anteroseptal region in the LA (15).
n our patients, the clinical and electrophysiological char-
cteristics of these focal AT were very similar to those
escribed by Tada et al. (13) in a patient with focal AT
riginating from the non-coronary AS. These data strongly
uggest that mapping of focal AT in the non-coronary AS
ay avoid aggressive RF delivery near the HB, with the
otential consequence of AV block when tachycardia map-
ing demonstrated the earliest atrial activation at the HB
egion, especially in the patients with previously failed
blation at the HB region.
F ablation of focal AT in the non-coronary AS. Previ-
catheter (Map) at the successful ablation site in the AS (A,B), a multipolar
, and a catheter in the RV. Aortic root angiography in right (30°) and
e non-coronary aortic sinus supero-posterior to sites with His bundle
non-coronary aortic sinus; R  right aortic sinus; other abbreviationsping
e RA
in thus studies have shown that RF ablation in the AS can be
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Focal AT From the Non-Coronary Aortic Sinus July 4, 2006:122–31uccessfully performed with a 4-mm thermocouple ablation
atheter in patients with repetitive ventricular tachycardia
14,16,17). Recently, Tada et al. (13) also demonstrated that
onventional RF energy could be successfully performed in
he non-coronary AS in one patient with focal AT. In the
resent study, all focal ATs were successfully terminated
ith one RF application in 7 patients and with two RF
pplications in 2 patients. Additionally, the focal AT was
lso successfully terminated within 4 s in the patient with
imultaneous activation in the non-coronary AS and at the
A site with the HB recording, although no attempted RF
nergy was performed at this site. More importantly, no
ecording of His potentials was found at the successful AS
ite. This information may explain why prolongation of the
R interval and junctional beats did not occur during RF
elivery in our 9 patients. These findings were different
rom the previous study finding that focal AT could be
nduced by ventricular pacing and that infrequent junctional
eats occurred during RF ablation (13). On the basis of our
tudy, we strongly suggest that careful mapping in the
on-coronary AS may be necessary to minimize a potential
isk of injuring the AV node or the HB in focal AT with
arliest activation at the HB region, especially with previous
igure 5. Tracings are ECG leads I, II, V1, and intracardiac electrogram r
catheter within the CS, and a catheter at the RVA in a patient with focal
n the RA during tachycardia demonstrates that the earliest right atrial acti
hat: 1) the earliest activation preceded the fixed atrial electrogram recorde
) the amplitude change of His activation during the tachycardia indicates
he earliest atrial activation in the non-coronary AS (non-coro AS 1 to 2, n
o the earliest right atrial activation. Note that: 1) the earliest activation pr
nd 2) no His activation is found at the successful site in the non-coronaailed ablation at this region. tIn the present study, focal ATs were terminated in 8 s
ith RF energy. Therefore, we suggest that RF application
hould be stopped if focal AT is not terminated after 10 s.
n addition, continuously fluoroscopic visualization of the
apping catheter may decrease a potential risk of compli-
ations during RF delivery in the non-coronary AS, al-
hough the mapping catheter during RF application was
ery stable.
natomical considerations. For a better understanding of
he arrhythmia origins and the approaches for catheter
blation, a note on the anatomical arrangement between the
on-coronary AS and the atrial anteroseptal annulus is
elevant. Spatially, the aortic root occupies a central location
ithin the heart, with the non-coronary AS anterior and
uperior to the paraseptal region of the left and right atria
lose to the superior atrioventricular junctions. In all nor-
ally structured human hearts, the non-coronary AS is
djacent to atrial myocardium on the epicardial aspect
Fig. 7a). The rightward (anterior) margin of the non-
oronary AS is related to the paraseptal region of the
ight atrial wall (Figs. 7b and 7c), whereas the leftward
argin is related to the left atrial wall (Figs. 7d and 7e).
he part of the right atrial wall that can be targeted from
ed from a mapping catheter, a catheter in the RA, a catheter at the HBE,
tachycardia originating from the non-coronary aortic sinus. (A) Mapping
is found at the HBE (RA-AS 1 to 2, RA-AS 3 to 4, RA-AS uni). Note
the coronary sinus by 67 ms and a discrete His potential at this site; and
stable catheter position at the HBE. (B) Mapping in the AS demonstrates
oro AS 3 to 4, non-coro AS uni) with the same activation time compared
d the fixed atrial electrogram recorded from the coronary sinus by 67 ms;
. Abbreviations as in preceding figures.ecord
atrial
vation
d from
an un
on-che non-coronary AS lies superior to the central fibrous
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July 4, 2006:122–31 Focal AT From the Non-Coronary Aortic Sinusody (Fig. 7c). The HB penetrates through the central
brous body and continues as the atrioventricular con-
uction bundle that then passes to the crest of the
uscular ventricular septum, immediately beneath the
embranous septum (Fig. 7c).
In humans, most hearts do not have ventricular myo-
ardium interposing between the aortic and mitral valves;
ence there is fibrous continuity between the two valves
13,14). In approximately 15% of horses, however, there
s fibrous discontinuity, and all three coronary ASs
ontain some ventricular myocardium (18). This arrange-
ent occasionally occurs in humans, and when it does,
here is then the potential for accessory atrioventricular
athway or arrhythmogenic foci within the AS. In humans, the
o-called aortic-mitral separation (19) is the region of perceived
iscontinuity owing to the overlap of atrial wall over the atrial
urface of the mitral leaflet (Fig. 7d).
Murine embryological studies have recently traced the
pecialized conduction system around the aortic root and
he AV canal in early stages and found marked regression
n later developmental stages (6,20). These investigators
igure 6. Tracings are ECG leads I, aVF, V1, and intracardiac electrogram
, non-coro AS 3 to 4, non-coro AS uni), a catheter at the HBE, a cathe
ith FAT. Note that FAT is successfully terminated after 1.4 s during the
gures.ypothesized that arrhythmogenic substrates may be due to persistence of the developing conduction system in this
egion. In the present study, on the basis of the imme-
iate tachycardia termination, we hypothesize that the
rrhythmogenic foci are located in the subepicardium of
he atrial wall immediately posterior to the non-coronary
S, or the atrial wall overlapping the mitral leaflet.
lacing the catheter in the AS provides more stability and
recision than atrial approaches.
onclusions. This study includes 9 patients with focal
T, in 6 of whom previous attempted ablation had failed.
n these 9 patients with focal AT, mapping in the atria
emonstrated the earliest atrial activation at HB region,
hereas mapping in the non-coronary AS demonstrated
hat that earliest atrial activation preceded the earliest RA
ctivation by 12.2  6.9 ms. All focal ATs were success-
ully ablated in 8 s in the non-coronary AS with one
pplication in seven patients, and with two RF applica-
ions in two patients. These data suggest that some
yocardium may be located superficially within the
on-coronary AS. We have shown that ablation can be
arried out in the AS without any deleterious effects on
rded from a mapping catheter in the non-coronary AS (non-coro AS 1 to
ithin the CS, and a catheter at the RVA during RF delivery in a patient
RF application. RF  radiofrequency; other abbreviations as in precedingreco
ter w
firsthe aortic wall or any complications during follow-up.
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